To determine the influences of hairgrooming practices and environmental factors as risk factors for the acquisition of tinea capitis (TC) in children.
T INEA CAPITIS (TC), a dermatophyte infection of the scalp and hair, is a common infection in children. It has become an important public health problem in the United States. 1, 2 The most prevalent causative organism in most of the country is Trichophyton tonsurans, [3] [4] [5] [6] [7] which presents in various ways, from minimally symptomatic dandrufflike scaling to tender, highly inflamed, purulent nodules known as kerions. [2] [3] [4] [5] [6] If untreated, TC may lead to scalp scarring and permanent hair loss. 8 Alternatively, asymptomatic infection may persist undetected for years, with shedding of spores and spreading to susceptible contacts. 9, 10 This carrier state, defined as asymptomatic infection with T tonsurans, is found to be as high as 15% among urban African American schoolchildren. 11, 12 For unknown reasons, African American children constitute at least 90% of the cases of TC in most series, 2 and have a higher risk of acquisition of TC. 13 Inter-familial spread is common, 12 and T tonsurans can also be cultured from fomites. 1 Some researchers [14] [15] [16] have suggested that hairstyling practices may be a factor in acquisition of the disease. Sharp and blunt trauma have been shown to predispose the scalp to dermatophyte infection. 17, 18 Hair oils may promote the transmission of the disease, 19 but their precise role has not been determined. To our knowledge, only one other study, 15 published in 1968, has evaluated the role of hair care in patients with TC. Most cases in that study were due to Microsporum audouinii infection, not currently the organism responsible, and the use of oils or other hair care products was not evaluated.
In our study, symptomatic children aged 12 years and younger with cultureproved TC were compared with age-, sex-, and race-matched control subjects without clinical evidence of scalp disease to assess factors that might be associated with TC.
The primary objective of this study was to determine the association of hair care practices with TC in children. Secondary objectives were to determine the associations of medical history and environmental factors with TC in children.
RESULTS
Three centers recruited a total of 145 patients into the study; of these patients, 69 were designated as cases and 76 as controls. Because of administrative errors, there were 6 controls without individually matched cases and 3 cases without controls. Two other control subjects had positive culture results, 1 for T tonsurans and 1 for Trichophyton rubrum. These 11 subjects were excluded from the statistical analysis. A final total of 134 subjects were analyzed.
Fifty-four (40%) of the cases and controls were recruited from San Francisco, 44 (33%) from Kansas City, and 36 (27%) from Brooklyn. All 66 cases had positive culture results. Sixty-five cultures were positive for T tonsurans, and 1 was positive for T rubrum. The cultures for T rubrum came from a single center in Brooklyn. A description of the study subjects is found in Table 1 . There were 74 boys (55%), and 132 subjects (99%) were African American; the mean age was 5.1 years for the cases and 5.3 years for the controls (range, 1-12 years). The average number of times cases shampooed was 7.3 per
SUBJECTS AND METHODS
This study was designed as a case-control multicenter study, conducted at 3 urban tertiary pediatric dermatology referral centers. Approval for the study was obtained by the institutional review boards at the University of California, San Francisco, School of Medicine, and the State University of New York Health Sciences Center at Brooklyn; and by the Pediatric Institutional Review Board at the University of Missouri School of Medicine at Kansas City. Subjects were recruited from pediatric dermatology and general pediatric clinics at these institutions. Signed informed consent to participate in the study was obtained from a parent or legal guardian of all subjects.
Patients were enrolled from the pediatric dermatology clinics between July 1, 1996, and June 30, 1999, if they were 12 years old or younger; if they had symptomatic and clinical evidence of TC, such as a kerion, scaling, pustules, crusts, erythema, and/or hair loss; and if the investigators (V.S., N.B.S., R.H., C.T.T., T.A.L., and I.J.F.) had the time and personnel present in the clinic to enroll them into the study. Similarly, age-, race-, and sex-matched control subjects were recruited into the study, at the convenience of the investigator, from general pediatric clinics at the same institutions if they had no clinical evidence of TC and were not presenting for treatment of skin, scalp, or hair disease. We did individual matching, and age was matched within a year. Cases and controls were enrolled at different times within the study period. Investigators did not note anyone refusing to participate in the study. Exclusion criteria for enrollment were as follows: if consent could not be obtained, if there was known congenital or acquired immunodeficiency (eg, human immunodeficiency virus or organ transplantation), or if there was preexisting scalp or hair disease other than TC. The numbers of patients meeting the exclusion criteria were estimated to have been less than 2 per center. Our sample size was limited to the numbers of subjects who were enrolled by each of the centers during the study period.
All children in the study underwent a visual examination of the hair, scalp, and skin above the neck; palpation of cervical lymph nodes; and fungal scalp cultures. Using the brush-culture method, 20 scalp debris was collected from representative areas of the scalp in children with TC and from 4 areas of the scalp in control children and was inoculated onto Sabouraud dextrose agar or a dextrose agar containing papiac digestive soybean meal, cyclohexamide, and chloramphenicol agar (Mycosel). All positive culture results were processed by the respective hospital's mycology laboratory. Cultures without fungal growth at 28 days were reported as negative for fungus and discarded. An investigator (V.S., N.B.S., R.H., C.T.T., T.A.L., or I.J.F.) collected demographic data and administered a questionnaire to parents or guardians related to historical and familial factors known to be associated with TC, scalp hygiene, and hair-grooming practices of their child. All children who were diagnosed as having TC were treated by a pediatric dermatologist. If control subjects had a positive culture result, they were also contacted, treated as indicated, and excluded as control subjects.
Our modeling strategy started with simple descriptive statistics. We examined single variable models, and then multivariable models. Our objective was to find a model that gave the best associations among related factors for having TC. Our analysis compared cases with controls using matched groups. A conditional logistic regression model was used to examine the association between case status and several factors. This model controlled for age, sex, and race by having an identifier to group all those with the same year of age, sex, and race category. We did not account for the hospital at which the children were seen in the matching. We dichotomized all the variables, including racial categories, that were designated as African American and other. We looked at continuous variables, such as number of shampoos per month, in several ways, ie, as a continuous variable and as 2 different cut points (Ն15 and Ն5 shampoos per month) (data not shown). All analyses yielded similar results.
Candidate variables for these models included the following:
1. Hair care variables: number of shampoos per month; use of a conditioner; hairstyles, such as braids and ponytails; use of a comb, pick, brush, curlers, straighteners, or oil or grease; and sharing of hair utensils.
2. Historical variables: prior history of exposure to TC, medical history of asthma or atopic dermatitis, prior history of griseofulvin use, and household history of TC.
3. Environmental variables: day care attendance, number of people in the household, and pets in the household.
Our analysis began with single variable models. For the multivariable model, we added all significant potential covariates to the model, then we sequentially dropped covariates from the model until all the covariates were significant at PϽ.05. Statistical analysis was conducted using Stata for Windows, version 6.0 (Stata Corp, College Station, Tex).
(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 155, JULY 2001 month compared with 8.4 per month among controls (range, 1-30 times per month). There was a history of asthma in 14 (21%) of the cases and in 21 (31%) of the controls. A history of atopic dermatitis was noted in 9 (14%) of the cases and in 9 (13%) of the controls. Among the 66 cases, scaling was the most common symptom, recorded in 62 (94%) of the subjects; alopecia and crusting were found in 46 (70%) and 28 (42%) subjects, respectively. Erythema, pustules, and cervical lymphadenopathy each occurred in 22 (33%) of the subjects.
Results of the univariate conditional models for TC stratified for age, race, and sex are shown in Table 2 . Variables found to be statistically significant in the single variable models were as follows: a prior history of having TC (P=.01), a history of exposure to TC (P=.001), a history of undergoing treatment for TC (P=.03), and the use of a conditioner (P = .04). In the final multivariate model, the variables found to be significant were a history of exposure to TC (P = .001) and a prior history of having TC (P= .04). The statistical significance of using a conditioner declined to a borderline level (P=.07). A history of being treated for TC was correlated with a prior history of having TC and was not statistically significant (P=.54) in the final model.
COMMENT
Tinea capitis is the most common dermatophyte infection in children, with an increasing prevalence. 13, 21 Many countries, including the United States, 13 have observed an increased incidence of infections in individuals with African ancestry, 22 but the reasons for this are not known. The clinical findings in our patients with TC were similar to those observed in many other studies. Scaling was the most common finding, but our rate of cervical lymphadenopathy (33%) was somewhat lower than that given in previous reports. [23] [24] [25] The reasons for this are unclear.
Infection, and reinfection, of individuals within families, communities, and schools is frequent and probably represents the most common mode of acquisition of infection, because of exposure to individuals with active infection and because of reservoirs of the organism in asymptomatic individuals. 1, 8, 10, 11 Our study confirmed this, since a prior history of TC and a history of exposure to TC showed the strongest associations of the many variables assessed.
The study did not, however, confirm associations with many of the factors that have previously been speculated as being, at least in part, responsible for the acquisition and/or spread of TC. Sharing of combs and brushes has been suspected of being a common mode of transmission in infected siblings in several studies, 15, 26 but was not a factor in our study. This finding does not exclude the possibility that combs and brushes could act as a vector for infection, but sharing combs and brushes is apparently common-more than 60% in both groups-which may explain the lack of association. Close physical contact has also been proposed as a mode of spread, 12 but we failed to find significant differences between the groups for exposure to sites where close physical contact or prolonged periods of contact are expected, such as day care attendance or families with many children. Similarly, hair-grooming practices, such as the use of oils, gels, and specific hairstyles (eg, braids), were not associated with TC, as has been suggested by some researchers. 14, 27 Other researchers 15, 16, 28 have speculated that improved personal hygiene alone may play a role in the control of TC. While this may be a factor in institutional settings, we did not find the frequency of shampoos to be associated with TC. This study is limited by the sample size, which, although sufficient to detect large differences, might not have been sufficient to detect smaller differences, and some significant associations may not have been detected. Surprisingly, the use of a conditioner did appear to have a slight protective effect that was independent of the number of shampoos per month or the type of conditioner. We did not measure the frequency of use of conditioners; we assumed it to be correlated with the frequency of shampoos. Although the effect was of borderline statistical significance, this could reflect the relatively small numbers in the groups. Conditioners allow the hair to be more manageable after shampooing. This effect is achieved by deposition of the conditioner droplets onto the hair and scalp surface. It is possible that these droplets could have a suppressive effect on spore growth or make the hair a hostile environment for the fungus. Future studies could focus on trying inexpensive interventions to prevent this disease. Many shampoos, such as 2.5% selenium sulfide, 1% econazole nitrate, and 4% povidone-iodine shampoo, have shown reductions in fungal carriage in asymptomatic children. 29 In addition, shampooing with selenium sulfide appears to suppress viable spores on the scalp and offers important adjunctive therapy for TC. 30 In conclusion, our study failed to find an association with hair care styling practices, but did find a possible protective effect for the use of conditioners. Larger studies will be necessary to further study the role of conditioners as a method of preventing the spread of TC.
